Abstract This paper presents GATE Teamware -an open-source, web-based, collaborative text annotation framework. It enables users to carry out complex corpus annotation projects, involving distributed annotator teams. Different user roles are provided (annotator, manager, administrator) with customisable user interface functionalities, in order to support the complex workflows and user interactions that occur in corpus annotation projects. Documents may be pre-processed automatically, so that human annotators can begin with text that has already been pre-annotated and thus making them more efficient. The user interface is simple to learn, aimed at non-experts, and runs in an ordinary web browser, without need of additional software installation. GATE Teamware has been evaluated through the creation of several gold standard corpora and internal projects, as well as through external evaluation in commercial and EU text annotation projects. It is available as on-demand service on GateCloud.net, as well as open-source for self-installation.
Introduction
For the past ten years, Natural Language Processing (NLP) frameworks such as GATE (Cunningham et al 2011b) and UIMA (Ferrucci and Lally 2004) have been providing tool support and facilitating NLP researchers with the task of implementing new algorithms, sharing, and reusing them. At the same time, NLP research was driven forward by a growing volume of annotated text corpora, produced by projects and evaluation initiatives such as ACE (ACE 2004) , TAC 1 , SemEval and Senseval (www.senseval.org). Some NLP frameworks (e.g. AGTK (Maeda and Strassel 2004) , All Authors University of Sheffield, Department of Computer Science Regent Court, 211 Portobello, Sheffield S1 4DP, UK E-mail: Initial.Surname@dcs.shef.ac.uk GATE (Cunningham et al , 2011b ) also provide text annotation user interfaces. For instance, GATE has been used to create the MPQA corpus (Wiebe et al 2005) and also in the American National Corpus project (Ide and Suderman 2005) .
However, much more is needed in order to produce high quality annotated text corpora: a stringent methodology, annotation guidelines, inter-annotator agreement measures, and often, annotation adjudication (or data curation) to reconcile differences between annotators. All these make the text annotation process expensive and complex to manage (Hovy 2010) .
We argue that corpus annotation can be made significantly simpler, through a multi-role methodological framework to support the different phases and actors in the text annotation process. The multi-role support is particularly important, as it enables the most efficient use of the skills of the different people. It also lowers overall annotation costs, through simple and efficient annotation web-based UIs for nonspecialist annotators. This also enables role-based security, project management and performance measurement of annotators, which are all particularly important when creating corpora with relatively unskilled annotators. Having a multi-stage, multi-role annotation process has also been shown to improve annotation quality and speed (e.g. OntoNotes (Hovy et al 2006) ).
This paper presents GATE Teamware 2 , an open-source text annotation framework and a methodology for the implementation and support of complex annotation projects. It has a web-based architecture, where a number of web services (e.g. document storage, automatic annotation) are made available via HTTPS and the users interact with the text annotation interfaces through a standard web browser.
GATE Teamware is based on GATE (Cunningham et al 2011b) , a widely used, scalable and robust open-source NLP platform. GATE comes with numerous reusable text processing components for many natural languages, coupled with a graphical NLP development environment and user interfaces for visualisation and editing of linguistic annotations, parse trees, co-reference chains, and ontologies. GATE Teamware however was created specifically to be used by non-expert annotators, as well as to enable methodologically sound, efficient, and cost-effective corpus annotation projects over the web.
In addition to its research uses, GATE Teamware has also been tested as a framework for cost-effective commercial annotation services, supplied either as in-house units or as outsourced specialist activities. Several test annotation projects have been conducted in the domains of bio-informatics and business intelligence, with minimal training and producing high quality corpora. For example, Meurs et al (2011) apply GATE Teamware to the task of building a database of fungal enzymes for biofuel research. Their results show that using GATE Teamware for automatic pre-annotation and manual correction increases the speed with which papers can be processed for inclusion in the database by a factor of around 50%.
Similar to other server-side software, GATE Teamware installation is a specialised, non-trivial task with associated costs, in terms of significant time and staff expertise required. In order to lower this barrier and provide zero startup costs, we have made available cloud-based GATE Teamware virtual machines 3 , that can be turned on and off as required. In addition, the GATECloud.net (Tablan et al 2013) integration makes it easy to choose a set of automatically annotated documents and send these into a GATE Teamware instance. There is also a virtual machine distribution that can be downloaded and run locally instead.
The rest of the paper is structured as follows. Section 2 defines the requirements which need to be met by web-based collaborative annotation tools in general. It is followed by section 3, which discusses related work, in the context of these requirements. The GATE Teamware architecture and implementation are detailed in section 4. Section 5 presents usage evaluation results, followed by section 6, which discusses the cloud-based GATE Teamware service, available on-demand.
2 Requirements for Multi-Role, Web-based Collaborative Annotation Environments
As discussed above, collaborative text annotation is a complex process, which involves different kinds of actors and requires a wide range of automatic pre-processing, user interface, and evaluation tools. From a high-level methodological perspective, web-based text annotation frameworks need to support annotation efficiency, consistency, scale, good interfaces, and clear procedures (Hovy 2010) .
These translate into a set of functional requirements, which need to be met:
1. Multi-role support, including user groups, access privileges, annotator training, quality control, and corresponding user interfaces. 2. Shared, efficient data storage to store and access text corpora and annotations. 3. Support for automatic pre-annotation services and their configuration, to help achieve time and cost savings. 4. Flexible workflow engine to model complex annotation methodologies (e.g. Hovy (2010) ) and interactions. 5. Web-based user interfaces, that include customisable templates for common annotation tasks and support annotator comments. 6. Support for relevant linguistic annotation standards, especially ISO/TC 37/SC 4 (Ide and Romary 2004 ).
Next we discuss the first four functional requirements in further detail.
Multi-Role Support and Division of Labour
Due to annotation projects having different sizes and complexity, in some cases the same person might perform more than one role or new roles might be needed. For example, the person managing the project might also sometimes be an annotator. Methodologically speaking, it is also possible to distinguish between adjudicators (the people who reconsile disagreements between annotators) and managers, who setup the project, provide annotation guidelines, etc. However, following some user feedback, GATE Teamware currently has merged these two roles into one -manager. The administrator interface does support the definition of new roles and the corresponding configuration of the web user interface components, so it would be possible to separate these roles in the future, if the need arises. In more detail, we argue that it is necessary to distinguish the following three user roles.
Annotators are given a set of annotation guidelines and often work on the same document independently and concurrently. In order to enable less-specialised annotators to be used, manual annotation user interfaces need to be simple to learn. In addition, there needs to be an automatic training mode for annotators where their performance is compared against a known gold standard and all mistakes are identified and explained to the annotators, until they have mastered the guidelines.
Since annotators and project managers are often working at different locations, there needs to be a communication channel between them, e.g. instant messaging. If a manager is not available, an annotator should also be able to mark an annotation as requiring discussion and then all such annotations should be shown automatically in the manager console. Annotators need to be able to save their work and, if they close the annotation tool, the same document must be presented to them for completion next time they log in. Optionally, some projects might wish to restrict annotators to working on a maximum of n documents (given as a number or percentage), in order to prevent an over-zealous annotator from taking over a project and potentially introducing individual bias.
From an user interface perspective, there needs to be support for annotating document level metadata (e.g. language identification), word-level annotations (e.g. named entities, POS tags), and relations and trees (e.g. co-reference, syntax trees). Ideally, the interface should offer some generic components for all these, which can be customised with project-specific tags and values via an XML schema or other similar declarative mechanisms. The framework also needs to be extensible, so specialised UIs can easily be plugged in, if required.
Project managers are typically in charge of defining new corpus annotation projects and their workflows, monitoring annotation progress, dealing with annotator performance issues, and carrying out annotator training. They also define the annotation guidelines, the associated schemas (or set of tags), and prepare and upload the corpus to be annotated. Managers also make methodological choices: whether to have multiple annotators per document; how many; which automatic NLP services need to be used to pre-process the data; and what is the overall workflow of annotation, quality assurance, adjudication, and corpus delivery.
Managers need a project monitoring tool where they can see:
-Whether a corpus is currently assigned to a project or, what annotation projects have been run on the corpus with links to these projects or their archive reports (if no longer active). Also links to the the annotation schemas for all annotation types currently in the corpus. -Project completion status (e.g., 80% manually annotated, 20% adjudicated).
-Annotator statistics within and across projects: which annotator worked on which document, how long they took, and what was their IAA (if measured).
-The ability to lock a corpus from further editing, either during or after a project.
Finally, managers are responsible for annotation adjudication and gold-standard production. Therefore, in addition to the standard annotation interfaces, they have access to the Inter-Annotator Agreement (IAA) user interface (appropriate for comparing the differences between two annotators only). They also need a specialised adjudication interface which helps them identify and reconcile differences in multiply annotated documents. Even though manual curation adds to the cost of corpus annotation, it is typically very beneficial to include that as part of the workflow, since it improves the annotation quality in hard-to-solve cases (Hovy 2010) .
Administrators define roles for other users, create user accounts, create and configure services, and monitor workflow processes.
Remote, Scalable Data Storage
Given the multiple user roles and the fact that several annotation projects may be running at the same time with different remotely located teams, the data storage layer needs to scale to accommodate large, distributed corpora and have the necessary security in place through authentication and fine-grained user/group access control .
Data security is paramount and needs to be enforced as data is being sent over the web to the remote annotators. Support for diverse document input and output formats is also necessary, especially stand-off ones (e.g. XCES (Ide et al 2000) ) which can minimise network traffic by transmitting only a relevant subset of all annotations.
Since multiple users must be able to work concurrently on the same document, there needs to be an appropriate locking mechanism to support that. The data storage layer also needs to provide facilities for storing annotation guidelines, annotation schemas, and, if applicable, ontologies. Last, but not least, a corpus search functionality is often required, at least one based on keywords, but ideally also including document metadata and linguistic annotations.
Automatic Pre-Annotation Services
Automatic pre-annotation services can reduce significantly annotation costs (e.g. annotation of named entities), but unfortunately they also tend to be domain or application specific. Also, several might be needed in order to bootstrap all annotation types, e.g. named entities, co-reference, and relation annotation modules. Therefore, the architecture needs to be open so that new services can be added easily. Such services can encapsulate different NLP modules and take as input one or more documents (or an entire corpus). The automatic services also need to be scalable, in order to minimise their impact on the overall project completion time. The project manager should also be able to choose services based on their accuracy on a given corpus.
Machine Learning (ML) IE modules can be regarded as a specific kind of automatic service. A mixed initiative system (Day et al 1997) can be set up by the project manager and used to facilitate manual annotation behind the scenes. This means that once a document has been annotated manually, it will be sent to train the ML service which internally generates an ML model. This model will then be applied by the service on any new document, so that this document will be partially pre-annotated. The human annotator then only needs to validate or correct the annotations provided by the ML system, which makes the annotation task significantly faster (Day et al 1997) .
Flexible Workflow Engine
In order to have an open, flexible model of corpus annotation processes, we need a powerful workflow engine which supports asynchronous execution and arbitrary mix of automatic and manual steps. For example, manual annotation and adjudication tasks are asynchronous. Resilience to failure is essential and workflows need to save intermediary results from time to time, especially after operations that are very expensive to re-run (e.g. manual annotation, adjudication). The workflow engine also needs to have status persistence, action logging, and activity monitoring, which form the basis of the project management tools. In a workflow it should be possible for more than one annotator to work on the same document at the same time; however, during adjudication, all affected annotations need to be locked to prevent concurrent modifications. For separation of concerns, it might be useful for the same corpus to have more than one active projects. Similarly, the same annotator needs to be able to work on several annotation projects.
Related Work
There are a number of pre-existing tools for corpus annotation, both for textual and multimedia corpora. Table 1 provides a high-level overview against the six requirements identified above. The rest of this section will discuss them in more detail.
Stand-alone Annotation Tools
Callisto (Day et al 2004) is a stand-alone linguistic annotation workbench, designed specifically to be easily extendable with task-specific annotation interfaces, e.g. named entities, relations, time expressions. MMAX2 (Müller and Strube 2006) is another stand-alone text annotation tool, which uses stand-off XML and annotation schemas for customisation. MMAX2 also computes inter-annotator agreement and provides a query language for searching over the corpus, as well as an API for programmatic access to the annotation objects. Similar functionalities are offered by GATE Developer (Cunningham et al 2011b) , augmented with support for XCES (Ide et al 2000) and the ability to pre-annotate corpora automatically.
A somewhat more complex approach is to model the different linguistic annotation tasks with ontologies, which is the approach taken by Knowtator (Ogren 2006) . In addition to measuring inter-annotator agreement, Knowtator also supports semiautomatic adjudication and the creation of a consensus annotation set.
In the area of multi-modal corpus annotation, the NITE XML toolkit (NXT) (Carletta et al 2005) is a stand-alone annotation tool, which puts special emphasis on the editing and querying of complex, cross-annotated corpora. Another similar desktopbased tool is ELAN . Early experiments on adapting ELAN for collaborative annotation of multimedia corpora over the web were based on a peer-to-peer architecture . A more recent, web-based tool called ANNEX (Berck and Russel 2006) has been implemented; however it is limited to only viewing the multimedia annotations created by ELAN.
Even though none of these stand-alone annotation tools meet more than three of our six requirements, they have informed important design decisions in GATE Teamware. The first one is the adoption of stand-off XML, XCES, and related ISO TC37/SC4 standards to facilitate distributed editing and annotation format compliance. The second is the adoption of annotation schemas as declarative means for customising and generalising the text annotation interfaces. Thirdly, to minimise the required implementation effort, we chose to reuse the text annotation interfaces, the ANNIC corpus query and search, and the inter-annotator agreement plugins of GATE Developer (Cunningham et al 2011b) .
Web-based Text Annotation Tools
The second category of related work includes a number of web-based text annotation tools. One of them is ATLAS.ti 4 , which has been developed to assist qualitative data analysis and is widely used in political science. However, it currently lacks interannotator agreement metrics, does not offer automatic pre-annotation, nor does it allow users to work simultaneously on the same document.
Some of the most sophisticated collaborative annotation tools are those developed by the Linguistic Data Consortium, due to their need to run large-scale projects. The AGTK toolkit (Maeda and Strassel 2004) provides a shared relational database model for storing and accessing corpora on a shared server, as well as being a framework for development of collaborative annotation tools based on these shared corpora. One example is the specialised ACE annotation tool, which also comes with an accompanying tool for annotation adjudication. Maeda et al (2008) describe ACK (Annotation Collection Kit) which is web based and uses comma-separated CSV files to define the questions which an annotator has to answer (e.g., what are the possible parts of speech of this word). In the context of machine translation, they also discuss a workflow system for post-editing machine translation results which supports different user roles (editors in this case) and the communication between them. While the LDC tool set is very impressive, the various annotation tasks are covered by separate, independent tools and in some cases, these tools are specific to a particular annotation project (e.g., ACE, GALE). Although such specialised annotation tools offer time and cost savings through annotator efficiency, they come with the overhead of needing separate installations, customisation, and support, which makes them harder to reuse in smaller corpus annotation projects.
Anaphoric Bank (Poesio et al 2012) is a conglomeration of anaphorically annotated corpora produced by different parties using compatible formats. To facilitate the addition of further data to the corpus, a tool has been created, called Serengeti, provided over the web, thus offering the advantages of centrally administered software, not requiring users to manage installations and allowing changes to be made as required. XML schemas define the format of annotations. In addition, the "Phrase Detectives" game produces anaphoric annotations as a side-effect and allows annotations to be collected from the general population. Thus far, however, the focus is on serving the specific needs of the Anaphoric Bank project, rather than offering a comprehensive, web-based text annotation framework.
Similarly, the large, multi-site OntoNotes project (Hovy 2010 ) has created a number of specialised tools for managing annotations, including the STAMP textual interface, server for data storage, interfaces for word sense annotations, annotation reservation interface, and statistics module. What is lacking is a flexible annotation workflow engine that binds these together and minimises manual interventions. In addition, it is not clear what is the overhead of installing and customising these tools.
To summarise, as can be seen from Table 1 , there is no single web-based collaborative annotation framework, which meets fully all six requirements defined in section 2. What is still missing is a generic, web-based tool, which:
-models the roles of the different actors involved in corpus annotation projects and supports their interactions in an unified environment; -provides a set of general purpose text annotation tools, tailored to the different user roles, e.g. a management tool with inter-annotator agreement metrics and adjudication facilities and a document annotation interface for the annotators; -supports complex annotation workflows and provides a management console with project statistics, such as time spent per document by each of the annotators, percentage of completed documents, etc.; -offers built-in methodological support, to complement the tool support; -is configurable, extensible, and compliant with relevant text annotation standards. This section introduces GATE Teamware, which is an open-source, web-based collaborative text annotation and curation environment, designed to meet all six key requirements. It supports the training and involvement of unskilled annotators, which can lower the overall cost of corpus annotation projects. Further cost reductions can be achieved through automatic pre-annotation services, if these exist for the target domain and language.
GATE Teamware is based on the GATE framework (Cunningham et al 2011a) , which provides selected user interface components, reusable automatic text annotation components, and support for linguistic annotation standards. GATE Teamware's novelty is in being a generic, reusable, web-based framework for collaborative text annotation. Unlike other tools (see section 3), GATE Teamware provides the required multi-role methodological support, as well as the necessary tools to enable the successful management of distributed annotation projects. It has a service-based architecture which is parallel, distributed, and also scalable (via service replication) (see Figure 1) . Each section of the architecture diagram will be explained in more detail below, from the bottom up.
Services Layer
The services layer includes the GATE document service, serving the data structures used in GATE Teamware and the GATE annotation services, coordinating the computational tasks. Each is discussed in detail below.
GATE Document Service
The document storage service provides a distributed data store for corpora, documents, and annotation schemas. Input documents can be in all major formats (e.g., XML, HTML, PDF, ZIP), based on GATE's comprehensive support. In all cases, when a document is uploaded in GATE Teamware, the format is analysed and converted into a single unified, graph-based model of annotation: the one of the GATE NLP framework. Then this internal annotation format is used for data exchange between the service layer, the executive layer and the UI layer. The main export format for annotations is currently stand-off XML, including XCES (Ide et al 2000) . Multilinguality is supported via Unicode and other Java-supported text encodings.
Since some corpus annotation tasks require ontologies, these are made available from a dedicated ontology service. This wraps the OWLIM (Kiryakov 2006 ) semantic repository, which is needed for reasoning support and consequently justifies having a specialised ontology service, instead of storing ontologies together with documents and schemas.
GATE Annotation Services
GATE Annotation Services (GAS) provide distribution of compute-intensive NLP tasks over multiple processors. It is transparent to the external user how many machines are actually used to execute a particular service. GAS provides a straightforward mechanism for running applications, created with the GATE framework, as web services that carry out various NLP tasks. In practical applications we have tested a wide range of services such as named entity recognition (based on the freely-available ANNIE system ), ontology population (Maynard et al 2009) , patent processing (Agatonovic et al 2008) , and automatic adjudication of multiple annotation layers in corpora.
The GAS architecture utilises two types of components: the web service endpoint, that accepts requests from clients and queues them for processing; and one or more workers that take the queued requests and process them.
The two sides communicate using the Java Messaging System (JMS) 5 , a framework for reliable messaging between Java components. If a particular service is heavily loaded it is a simple matter to add extra worker nodes to spread the load, and workers can be added or removed dynamically without needing to shut down the web services. The configuration and wiring together of these components is handled using the Spring Framework 6 .
Annotation pipelines, installed in GATE Teamware as a GAS, are used in projects to prepare data. GATE Teamware includes a number of pre-packaged GASes to perform common functions, such as moving and copying annotations. Managers and administrators can view and edit GASes.
The Executive Layer
Firstly, the executive layer implements authentication and user management, including role definition and assignment. In addition, administrators can define here which UI components are made accessible to which user roles (the defaults are shown in Figure 1 ).
The second major part is the workflow manager, which is based on JBoss jBPM 7 and has been developed to meet most of the requirements discussed in section 2.4 above. Firstly, it provides dynamic workflow management: create, remove, update, delete (CRUD) workflow definitions, and workflow actions. Secondly, it supports business process monitoring, i.e., measures how long annotators take, how good they are at annotating, as well as reporting the overall progress and costs. Thirdly, there is a workflow execution engine which runs the actual annotation projects. As part of the execution process, the project manager selects the number of annotators per document, the annotation schemas, the set of annotators involved in the project and the corpus to be annotated.
The User Interfaces
The GATE Teamware user interfaces run in a web browser and do not require prior installation. After the user logs in, the system checks their role(s) and access privileges, to determine which interface elements they are shown. Annotators only see the annotation interfaces, whereas managers see the project management and adjudication interfaces. GATE Teamware administrators have access to all user interfaces, including a dedicated administration interface.
Annotation User Interface
Annotators carry out manual annotation, from scratch, or by correcting automatic annotation generated by the GATE processing resources. When they log into GATE Teamware, human annotators see a very simple web page with one link to their user profile data and another one to start annotating documents. The generic schema-based annotator UI is shown in Figure 2 . The annotation editor dialog shows the annotation types (or tags/categories) valid for the current project and optionally their features (or attributes). These are generated automatically from the annotation schemas assigned to the project by its manager. Annotation schemas Fig. 2 The schema-based annotator user interface, showing the document displayed with annotations indicated in coloured highlighting, and the annotation editor dialog box, allowing annotation type to be selected from a predefined list define the acceptable range of annotations and attributes and thus allow the user interface to be customised, in a manner similar to other tools, such as Callisto (Day et al 2004) and MMAX2 (Müller and Strube 2006) .
The annotation editor also supports the modification of annotation boundaries, either through mouse clicks or keyboard shortcuts 8 . In addition, advanced users can define regular expressions to annotate multiple matching strings simultaneously.
To add a new annotation, one selects the text with the mouse (e.g., "Bank of England") and then clicks on the desired annotation type in the dialog (e.g., Organization). Existing annotations are edited by hovering over them, which shows their current type and features in the editor dialog.
The annotation editor has a comprehensive multilingual support through Unicode -an evolution of the tools first described in . Since the annotation data model underlying GATE Teamware is based on offsets, users can select any sequence of glyphs, i.e. markables are not required to be separated by white space. This is advantageous for languages, such as Thai, in which some glyphs constitute more than one Unicode character (the base character plus the tone marker). The editor also supports right-to-left, as well as left-to-right languages, through the default Java implementation.
Annotators can also control which annotation types are highlighted in the text, by selecting the corresponding check-boxes, shown at the top right side of Figure 2 . By default, all types are visible, but this functionality allows users to focus on one category at a time, if required.
The toolbar at the top of Figure 2 shows all other actions which can be performed. The first button requests a new document to be annotated. When pressed, a request is sent to the workflow manager which checks if there are any pending documents which can be assigned to this annotator. The second button signals task completion, which saves the annotated document as completed on the data storage layer and enables the annotator to ask for a new one (via the first button). The third (save) button stores the document without marking it as completed in the workflow. This can be used for saving intermediary annotation results or if an annotator needs to log off before they have completed a document. The next time they log in and request a new task, they will be given this document to complete first.
Ontology-based document annotation is supported in a similar fashion, but instead of having a flat list of types on the right, the annotator is shown the type hierarchy and when they select a particular type (or class), they can then optionally choose an existing instance or add a new one.
In terms of interface design, many of the annotator interface components are reused from GATE Developer, which makes it easier for users to switch between the web-based annotation tools of GATE Teamware and the stand-alone, desktop environment of GATE Developer. In addition, this also minimises implementational effort, since the same code can be reused in both applications. The only downside of this approach is that the ergonomics of the GATE Teamware web-based annotation interface could have been more similar to other commonly used web applications, instead of using Java Web Start and Swing.
Adjudication Interfaces
As discussed in section 2.1, project managers carry out quality assurance tasks. Tools available include IAA metrics (including f-measure and Kappa) to identify if there are differences between annotators; a visual annotation comparison tool to see quickly where the differences are per annotation type; and an editor to edit and reconcile annotations manually (i.e. adjudication) or by using external automatic services.
The key part of the manual adjudication UI is shown in Figure 3 : the UI shows also the full document text above the adjudication panel, as well as lists all annotation types on the right, so the project manager can select which one they want to work on. In our example, the manager has chosen to adjudicate Date annotations created by two annotators and to store the results in a new consensus annotation set. The adjudication panel has on top arrows that allow managers to jump from one difference to the next, thus reducing the required effort. The relevant text snippet is shown and below it are shown the annotations of the two annotators. The manager can easily see the differences and correct them, e.g., by dragging the correct annotation into the consensus set. Annotation differences can also be resolved using the annotation diff interface, as shown in Figure 4 . There, the Statistics tab shows the IAA metrics, Fig. 3 Part of the adjudication user interface, showing the document displayed with highlighted annotations and annotation stack and list displays to the bottom and right, allowing different annotators' work to be compared by the adjudicator Fig. 4 The Annotation Diff user interface, showing side by side comparison of the annotations on which annotators differ whereas the Adjudication tab (shown in focus in the figure) can be used by managers to produce the ultimate ground truth annotations.
Project Management Interfaces
Apart from adjudication, project managers are responsible for defining annotation guidelines and schemas. They choose the relevant automatic services with which to pre-or post-process the data, benchmark annotator performance and monitor the project progress. Project managers define annotation workflows, manage annotators, and liaise with the system administrators. The project management web UI provides the front-end to the executive layer (see section 4.2). In a nutshell, managers upload documents and corpora, define the annotation schemas, specifying legal annotation types and legal attributes, choose and configure the workflows and execute them on a chosen corpus. Workflows may be as simple as passing the documents to n human annotators, or more complex, for example, preprocess the documents to produce automatic annotations, pass each document to three annotators and then adjudicate the differences. The workflow wizard facilitates this step, as shown in Figure 5 . The management console also provides project monitoring facilities, e.g. number of annotated documents, number in progress, and yet to be completed, as shown in Figure 6 . Per annotator statistics are also availabletime spent per document, overall time worked, average IAA, as well as per document statistics.
Administration User Interface
Administrators can create, delete and suspend accounts, and can also use the GATE Teamware Bulk Upload feature to quickly add new user accounts from an Excel worksheet. Administrators can monitor processes and tasks that are created by GATE Teamware when projects are run.
Example Corpus Annotation Projects
GATE Teamware has been used in practice in several corpus annotation projects of varying complexity and size, both by our group and by others. As mentioned in the introduction, Meurs et al (2011) have applied GATE Teamware in the context of curating and extracting information from biomedical research papers to compile a database of fungal enzymes for use in biofuels. They used GATE Teamware to facilitate an existing manual-only effort in this domain, providing an opportunity to directly contrast the efficiency of the work with and without GATE Teamware. GATE was used to preannotate the papers, which were then manually corrected using GATE Teamware. A Fig. 6 The management user interface, showing the process monitoring screen, on which project progress is outlined on the left in terms of numbers of documents completed etc. and on the right in the form of a pie chart range of subject experts were used, demonstrating that GATE Teamware is usable by non-technologists with varied backgrounds. Their task comprised two stages. Firstly, papers were chosen for inclusion -a task previously requiring 2-3 minutes per paper. Secondly, papers were annotated -a task which previously required 30-45 minutes per paper. As a result of providing semantic and task support using GATE Teamware, times were reduced such that paper selection required only 1-2 minutes and paper annotation required only 20-30 minutes. Inter-annotator agreement is 80%, when fixing up the automatically pre-annotated documents.
In this section, we present in more detail two other case studies, demonstrating the use of GATE Teamware. The target domains are business intelligence and bio-informatics, the latter being an ongoing collaborative project, annotating medical records.
Business Intelligence Evaluation
GATE Teamware has been applied in a commercial context, where a company had two teams of around 5 annotators (one in China and one in the Philippines). The annotation projects are being defined and overseen by managers in the USA, who also carry out adjudication. They have found that the standard double-annotated agreement-based approach is a good foundation for their commercial needs (e.g., in the early stages of the project and continuously for gold standard production), while they also used very simple workflows where the results of automatic services are being corrected by human annotators. They annotated over 1,400 documents, many of which according to multiple schemas and annotation guidelines. For in-stance, 400 patent documents were doubly annotated both with measurements and bio-informatics entities, and then curated and adjudicated to create a gold standard. Their diverse user needs and practical experience with remote annotator teams exposed several issues to be addressed in future work:
-Different sets of annotators often work on the same corpus simultaneously, as part of separate projects, so that each team can specialise in a small number of annotation types. This requires support for merging the results of these separate projects into one consistent corpus, which is currently not achieved easily within the GATE Teamware environment, but is supported as a post-processing step in the GATE NLP development environment (Cunningham et al 2011b) . -The annotator UI needs to be highly responsive to maximise the time annotators spend actually working on the documents. Consequently the data storage layer and the workflow need to minimise further network traffic, e.g., allow access to document-level metadata without also loading the entire document content. -Execution speed of the annotation workflows needs to be optimised further, e.g., by avoiding unnecessary network traffic generated by temporary results being saved to the data store. -Annotation of relations as well as manual annotation with medium-to large-size ontologies are required in many projects and the corresponding UIs need to support faster annotation.
Annotating Biomedical Texts
As part of the KHRESMOI biomedical research project 9 , GATE Teamware has been put to use in annotating two types of resources, in an ongoing effort. Firstly, radiology image captions are being annotated with references to anatomical parts and references to diseases, by a distributed team of annotators. Entities are cross-referenced with the UMLS 10 meta-thesaurus to ensure correctness. Secondly, other resources are also annotated, including Medline abstracts, gene home reference webpages and resource websites on diseases such as diabetes. These have been crawled and downloaded to create an informational resource with which patient records may be cross-referenced.
Annotators and Methodology
The 15 annotators are medically trained and located in the Philippines. Initially, 30 annotators were involved, but later, their number dropped to 15. Of these, three are managers. All annotators speak excellent English. One of the authors spent a day training and observing the annotators in using GATE Teamware; since then, problems have been discussed via telephone or email.
Each text is annotated by two annotators. A manager then curates the work. Where the two annotators agree, the manager simply accepts their judgement. Where they disagree, the manager will adjudicate. They also look for any missed annotations. 
Results
Five annotation rounds have been completed, with a sixth ongoing. In the first round 14 users annotated anatomical parts in 250 image captions, with macro-average interannotator agreement was 0.62. After some training, the second round improved interannotator agreement to 0.84. Subsequent rounds included another 250 image captions and also annotations with diseases and medical issues. The project also annotated 250 longer documents (gene home reference webpages) and tested the inclusion of more complex information within the text annotations. In particular, the task was to annotate mentions of diseases and anatomy concepts and assign the corresponding concept identifiers from the UMLS metathesaurus. Table 2 shows the details.
Improving Quality Control Tools
This annotation project provided the impetus to develop one more quality control tool, to support the use of GATE Teamware in larger projects. The QA Summariser (Figure 7 ) generates a summary of agreements among annotators. It does this by pairing individual annotators involved in the annotation task. It also compares the annotations of each individual annotator against those in the consensus set.
The tool generates an index.html file in the output folder. This HTML file contains a table that summarises the agreement statistics. Both the first row and the first column contain names of annotators who were involved in the annotation task. For each pair of annotators who did the annotations together on at least one document, both the micro and macro averages are produced.
The last two columns in each row give average macro and micro agreements of the respective annotator with all the other annotators with whom they annotated documents together.
Agreement scores are colour-coded. The colour green is used for a cell background to indicate full agreement (1.0). The background colour becomes lighter as the agreement reduces towards 0.5. At 0.5 agreement, the background colour of a cell is fully white. From 0.5 downwards, the colour red is used and as the agreement reduces further, the colour becomes darker with dark red at 0.0 agreement. Use of such colour coding makes it easy for a manager to get an overview of annotator performance and identify problematic annotators. For each pair of annotators, the summary table provides a link (with a caption document) to another HTML document that summarises annotations of the two respective annotators on a per document basis. The details include number of annotations they agreed/disagreed, the f-measure score, and table-based comparison of the actual annotations.
Teamware as a Cloud Service
From an implementational perspective, GATE Teamware uses a 3-tier service-based architecture for distributed collaborative annotation, driven by a centralised workflow engine. The architecture is appropriate to the task and performs effectively, but deployment and administration of the tool is complex and error-prone. In order to address this problem, we have developed a cloud-based deployment where a standard virtual machine image is supplied 11 . Instead of needing skilled administrator time, the process is fully automatic and results in a running GATE Teamware instance that can be turned on and off as required.
In addition, the GATECloud.net integration makes it straightforward to select a sample from all automatically annotated documents on the cloud and channel these into a cloud-based GATE Teamware instance, where human annotators correct them in order to create a gold standard corpus.
Since typically, manual corpus annotation is an activity undertaken for relatively short periods of time (days, weeks and rarely one or two months) by teams of peo-ple, such a service-based approach cuts costs and offers flexibility with respect to intermittent usage.
Conclusions and Future Work
This paper described GATE Teamware -a multi-role, web-based annotation environment, which supports customised text annotation workflows and provides methodological and tool support to the different actors involved in the process. It fully supports the complete lifecycle of annotation projects, as defined by Müller and Strube (2006) : data preparation, schema definition, performing annotation, agreement and adjudication, and use (i.e. corpus query, API access).
GATE Teamware, and in particular its cloud-based on-demand deployment, has a number of target user categories. Firstly, researchers working in smaller groups and/or on small NLP projects, who need text annotation for a short period only and typically do not have the resources to install separate, large annotation tools or develop new ones. Secondly, companies can use it in a secure environment, in order to develop their own corpora or to offer corpus annotation services to others. Thirdly, PhD students can use the GATE Teamware service to create training data, if such does not exist, either by themselves or by involving other student volunteers. Lastly, companies working with sensitive data, such as patient records, have requested virtual machine images with pre-configured GATE Teamware, which can be used in-house without any installation effort.
Evaluation with distributed annotator teams working on a range of corpus annotation projects has shown the flexibility and utility of the system. The teams have involved both less experienced annotators (e.g. biology students), as well as more advanced domain experts, who were trained more extensively in using advanced features, such as regular expressions, in order to improve their productivity.
The corpus annotation projects also uncovered some limitations that need to be addressed in future work. More specifically, GATE Teamware does not currently provide good support for relation and co-reference chain annotation. However, GATE Developer offers these interface components, so experienced software developers, familiar with the GATE APIs, will be able to extend GATE Teamware with these plugins, since they are fully compatible. The underlying stand-off annotation model would not need any modifications.
Another area of future work is in automating the merging of results of separate annotation projects into one consistent corpus, improving the speed and responsiveness of the annotation interfaces and automatic pre-annotation services, as well as improving user interface ergonomics.
